Description 



AN APPARATUS AND METHOD OF MQNTTORING BRAKING SYS TEM 

PRESSURE 



Technical Field 

This invention relates generally to the field of brakes and, more 
particularly, to an apparatus and method related to continually monitoring 
braking system pressure during the operation of vehicle. 

Background 

A work machine such as a wheel loader, motor grader, scraper, or 
any machine that is with a hydraulic braking system requires pressurized fluid to 
either actuate or disengage the brakes. In order to have proper and instantaneous 
braking force during a braking event, the hydraulic braking system may utilize at 
least one accumulator to provide fluid pressure to the brakes until such time as 
the pump has time to satisfy the pressure needs of the event. 

The accumulator is generally divided into two chambers. The first 
chamber is open to system fluid and the consequent fluid pressures in the braking 
system. The second chamber is in a cooperating arrangement with the first 
chamber, and, in a gas type accumulator, is charged with a nitrogen gas to a pre- 
determined pressure, hereinafter known as the accumulator charge pressure. 
Upon starting the work machine, the pump supplies fluid to the braking system. 
The accumulator chamber open to the system fluid fills with fluid. Once full, 
pressure begins to build against the nitrogen charged chamber, consequently 
compressing the already precharged nitrogen gas. After the pressure in the 
system and the accumulator has built to a maximum pre-determined pressure, the 
pressure is confined in the system until the pressure is needed in a braking event. 



-2- 



[04] 



[05] 



[06] 



[07] 



It is well known in the art that a binary pressure switch is used to 
detect low pressure in the braking system. Although this is a means of detecting 
low pressure, it is not a good source for troubleshooting a braking system. Many 
conditions could help in detecting and isolating a brake system problem, but 
because of the binary nature of a pressure switch there is no pressure data for 
computing the conditions. Some of these conditions include estimated charge 
pressure, "cut-in pressure", "cut-out pressure", and the time it takes to charge the 
accumulator. As used herein, the "cut-in pressure" occurs after initial charging of 
the braking system and is the pressure at which the pump is activated to 
pressurize the system and charge the system to the "cut-out pressure", which is 
the pressure at which the pump is deactivated. 

It is not uncommon for the accumulator to be replaced when a 
low-pressure warning is given, regardless if the accumulator is the problem. To 
avoid unnecessarily replacing accumulators there is a need for a reliable and easy 
way to detect and monitor accumulator charge pressures, along with other 
conditions set forth above. U.S. Patent No. 3,662,333, issued May 9, 1972, to 
Donald W. Howard discloses a monitoring system that monitors the accumulator 
charge pressure during a braking event. However the '333 invention is not a 
reliable way to monitor pressures because the change in accumulator pressure 
during a braking event is very abrupt. In addition, pressure decay can vary with 
the service state of the brakes, adding uncertainty. 

The present invention is directed to overcoming one or more of the 

problems set forth above. 

Summary of the Invention 

In an embodiment, a monitoring apparatus for monitoring system 
pressure in a braking system of a vehicle is disclosed. The monitoring apparatus 
includes at least one pressure detection device for measuring system pressure and 
responsively producing an output signal and at least one monitoring device for 
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receiving said output signal and sampling said output signal at pre-determined 
intervals continually during operation of the vehicle. 

In another embodiment, a method of monitoring system pressure 
in a braking system of a vehicle is disclosed. The method of monitoring system 
pressure includes the steps of providing at least one pressure detection device for 
measuring system pressure and responsively producing an output signal and 
providing at least one monitoring device for receiving said output signal and 
sampling said output signal at pre-determined intervals continually during 
operation of the vehicle. 

Brief Desc ri ption of th e Drawings 

Fig. 1 is a diagrammatic view of an embodiment of the pressure 
monitoring apparatus of the present invention; and 

Fig. 2 is a flowchart of the embodiment of the pressure monitoring 

apparatus of Fig. 1. 



Detailed Description 
j-jj-j Fig. 1 is a diagrammatical view of a braking system 1 00 of a 

vehicle (not shown), incorporating a pressure monitoring apparatus 101. As 
shown, the braking system 100 is the type having an activation switch 102 for 
activating the vehicle. The braking system 100 also includes a pressure storage 
device 104, which in the embodiment shown is an accumulator 105 of the type 
having at least two chambers 108,1 10 housed in an accumulator body 106. The 
first chamber 108 is in communication with the system fluid, and the second 
chamber 110 is in a cooperating arrangement with the first chamber 108 through 
a diaphragm 1 12. The second chamber 1 10 is precharged with a nitrogen gas to a 
pre-determined pressure, although other means may be used to precharge the 
second chamber 1 10, such as a spring or other types of gases. As fluid pressure 
builds in the first chamber 108, the pressure acts upon the diaphragm 112, 



thereby compressing the already precharged nitrogen gas in the second chamber 
110. 

An energy source 1 13, which is shown for exemplary purposes as 
being a battery, is coupled to the activation switch 102, which may be a toggle 
switch, push-button, key, or other like device. The activation switch 102 is 
coupled to a power source 1 14. The power source 114, such as an internal 
combustion engine, is coupled to the pump 1 1 6, which may be a fixed 
displacement pump (shown), a variable displacement pump, or another suitable 
pump apparatus. The braking system 100 may also include a pressure relief 
valve 1 18 for relieving excess pressure in a known manner, and an accumulator 
charge valve 120 used to regulate the pressure in the pressure storage device 104. 

The pressure monitoring apparatus 101 includes a pressure 
detection device 121, which in the embodiment shown is a pressure transducer 
122. Although a pressure transducer 122 is shown, any device that outputs a 
signal with respect to pressure input could be used. The pressure transducer 122 
is well known in the art for outputting a voltage signal proportional to the 
pressure input. The pressure detection device 121 is coupled to the first chamber 
108 of the accumulator 105, and outputs a pressure signal indicative of the 
pressure of the braking system 100. Alternatively, the pressure detection device 
121 may be coupled to the second chamber 110. 

The pressure monitoring apparatus 101 includes a monitoring 
device 123, such as a programmable electronic control module (ECM) 124, 
adapted to receive the pressure signal from the pressure detection device 121 and 
produce a pressure signal in response thereto. The pressure monitoring apparatus 
101 includes an alarming device 126, which may comprise an audible, visible or 
other type of device suitable for alerting the operator of abnormal behavior in the 
braking system. 

Fig. 2 is a flowchart depicting an embodiment of an algorithm for 
use with the fluid pressure monitoring apparatus 101. Control starts at decision 



block 200, which determines if there has been a vehicle start event through 
monitoring the revolutions per minute (RPM) of the power source 1 14. Upon a 
signal from the power source 1 14 that the RPM has reached a pre-determined 
magnitude, control passes to block 202 in which the ECM 124 starts a timer for 
time stamping the estimated charge pressure and other conditions as described 
hereinafter, and starts monitoring the pressure signal received from the pressure 
detection device 121 at a pre-determined sampling rate. 

Next, control passes to block 204 where the first "pressure 
sampling point", which represents the initial charge pressure of the accumulator 
105, is read. Each pressure sample point thereinafter is compared to criteria 
stored in the memory of the ECM 124. If a pressure sample point being 
evaluated by the ECM 124 is found to be greater than the recorded charge 
pressure, and the change in pressure is less than a pre-determined value, the 
pressure sample point is discarded by the ECM 124 and not stored. If the 
pressure sample point does not meet the criteria of either exceeding the recorded 
charge pressure or the change in pressure less a pre-determined value, the 
pressure sample point replaces the recorded charge pressure to become the newly 
recorded charge pressure. Pressure sampling for the charge pressure continues 
for a pre-determined period of time. Although only one time period is necessary 
for determining the accumulator charge pressure, for exemplary purposes, three 
time periods of 0.2s, 0.6s, and Is are used. This redundancy raises the confidence 
level of the accuracy of the charge pressure in the following manner. 

At the end of each exemplary time period a charge pressure is 
recorded as the charge pressure of the accumulator 105, giving three recorded 
charge pressures. In the case where the three charge pressures have a difference 
in value within a pre-determined limit of each other, the highest charge pressure 
of the three is recorded as the charge pressure of the accumulator 105 and carried 
through the rest of the algorithm. In the case when two of the three charge 
pressures have a difference in value within the pre-determined limit of each other, 



the non-compliant charge pressure is discarded and the higher charge pressure of 
the two remaining compliant charge pressures is recorded as the charge pressure 
of the accumulator 105 and carried through the rest of the algorithm. In the case 
when the three charge pressures have a difference in value outside the pre- 
determined limit of each other, a conclusion is made that there was a failure in 
the routine and there is no recorded charge pressure to be carried through the rest 
of the algorithm. The time it takes to reach the charge pressure is determined by 
time stamping the charge pressure when it is recorded. In the aforementioned 
cases where the charge pressure being carried through the rest of the algorithm is 
the higher of two or the highest of three charge pressures, the best time of the two 
or three charge pressures, depending on the instance, is used as the time it takes 
to charge the accumulator 105. Control then passes to block 206 wherein the 
charge pressure is compared to a pre-determined limit. Decision block 208 
determines if the charge pressure exceeds the predetermined limit, and if it does, 
the ECM 124 generates a fault signal and control passes to block 210 causing 
activation of the alarming device 126. 
[18 j other conditions may be monitored through continual sampling, 

such as "cut-in pressure", "cut-out pressure", as these terms are defined below, 
and loss of pressure in the braking system 100 below a pre-determined limit. 
[19] The "cut-out pressure", defined as a high point pressure at which 

the pump is shut off and pressure is confined in the braking system 100, is 
computed in block 204 and recorded in the ECM 124. This routine records the 
initial sample point as the cut-out pressure and monitors the aforementioned 
sequential pressure sample points. If the sample point being evaluated by the 
ECM 124 is higher than the recorded pressure, the sampling point pressure 
replaces the previously recorded pressure, and becomes the cut-out pressure. If 
the pressure sample point is not appreciably greater than the recorded cut-out 
pressure, the recorded cut-out pressure is carried through to the next step in the 
algorithm. Control then passes to block 206 wherein the cut-out pressure is 



compared to a predetermined limit. Decision block 208 determines if the cut-out 
pressure exceeds the pre-determined limit, at which time the ECM 124 generates 
a fault signal and control passes to block 210 causing activation of the alarming 
device 126. 

The "cut-in pressure", defined as a low point pressure at which the 
pump is turned on and pressure builds back up in the braking system 100, is 
computed in block 204 and recorded in the ECM 124. This routine begins upon 
the occurrence that the pressure sample point is less than the recorded cut-out 
pressure. Upon this occurring the pressure sample point is recorded and is the 
initial cut-in pressure. If the sample point is less than the recorded cut-in 
pressure, the pressure sample point replaces the previously recorded pressure, and 
becomes the new cut-in pressure. If, the pressure sample point is not being 
appreciably less than the recorded cut-in pressure, the recorded cut-in pressure is 
carried through to the next step in the algorithm. Control then passes to block 
206 wherein the cut-in pressure is compared to a pre-determined limit. Decision 
block 208 determines if the cut-in pressure exceeds the predetermined limit, at 
which time the ECM 124 generates a fault signal and control passes to block 210 
causing activation of the alarming device 126. 

The loss of pressure in the braking system 100 is computed in 
block 206 wherein the present sample point is compared to a pre-determined 
limit. Decision block 208 determines if the present sample point is below the 
pre-determined limit, at which time the ECM 124 generates a fault signal and 
control passes to block 210 causing activation of the alarming device 126. 

Industrial A pplicability 

The monitoring apparatus is intended to monitor the fluid pressure 
in a braking system 100 having an activation switch 102 for system operation. 

The vehicle is brought into operation through the activation switch 
102 being placed in the "on" position, thereby allowing the power source 1 14 to 
start and generate RPMs. The pump 104 is coupled to the power source 1 14 and 



provides fluid flow and consequently pressure to the braking system 100, which 
includes at least one accumulator 105. Pressure in the braking system 100 will 
rapidly increase to the accumulator charge pressure of the accumulator 105. The 
accumulator charge pressure is the pressure at which the accumulator 105 was 
precharged with nitrogen gas. Once the accumulator charge pressure is reached, 
the rate of pressure will build at a decreased rate, until such a time as the cut-out 
pressure is reached. Pressure in the braking system will oscillate between the 
cut-in pressure and the cut-out pressure during the operation of the vehicle 
To monitor fluid pressure in the braking system, a pressure 
detection device 121 and monitoring device 123 are provided to produce a signal 
related to pressure and to monitor the signal, respectfully. Upon receiving a 
signal from the power source 1 14 that RPMs has reached a pre-determined limit, 
signifying a vehicle start event has occurred, the monitoring device 123 starts to 
continually sample the signal from the pressure detection device 121 at a pre- 
determined rate. The signal from the pressure detection device 121 is that of a 
voltage signal proportional to the pressure in the braking system. 

The monitoring device 123 is adapted to receive the voltage signal 
from the pressure detection device 121 and perform computations based on a set 
of conditions. The conditions being monitored are as follows: estimated charge 
pressure, cut-in pressure, cut-out pressure, and time it takes to charge the 
accumulator 105. As the sample points are brought into the monitoring device 
123, the monitoring device 123 is adapted to store the conditions and compare the 
condition's pre-determined limits. If a condition exceeds its corresponding limit, 
a fault signal is produced. The monitoring device 123 sends the fault signal to an 
alarm device 126, which comprises a means of alerting the operator of abnormal 
behavior in the braking system 100. 

By having the means for continually monitoring and storing vital 
braking system 100 information, as set forth above, such as, accumulator charge 



pressure, cut-in pressure, cut-out pressure, and other conditions, the unnecessary 
replacement of braking components, such as, accumulators, may be reduced. 

Other aspects, objects and advantages of this invention can be 
obtained from a study of the drawings, the disclosure, and the appended claims. 



